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poly (A)-positive RNA-seq libraries were then prepared and sequenced with a paired-end design on the Illumina HiSeq platform, according to the manufacturer's instructions.
Sequencing data analysis. MNase-seq reads were filtered with in-house scripts to obtain and retain high-quality reads that satisfied the following criteria: fraction of N < 5%; average quality of reads > 20; fraction of low-quality bases (Phred score < 20) in a read < 50%. The filtered reads were then aligned to the corresponding genomes (hg19, rheMac2, tupBel1, mm9 and susScr3 for human, rhesus macaque, tree shrew, mouse and mini pig, respectively) using BWA (version 0.7.13-r1126) (2) . The uniquely mapped reads with mapping quality ≥ 30 and fragment size between 100 and 250 bp were retained for further analyses. DANPOS2 (version 2.2.2) was then used to call nucleosome binding peaks and to generate nucleosome occupancy profiles (-jd 147 -m 1 --extend 74) (3), which were further normalized with the mean score of the whole genome.
We then introduced several previously-described parameters to evaluate nucleosome occupancy profiles (1, (4) (5) (6) . These included fragment size distribution of the fragment sizes of all the uniquely mapped, paired-end reads; dinucleotide frequency as estimated by the AA/AT/TA/TT and CC/CG/GC/GG dinucleotide frequency across all 147 bp fragments; and the nucleosome phase across gene TSS, in which the nucleosome occupancy of chromosome regions that are adjacent to gene transcription start sites (±1,500 bp) were calculated, averaged, and compared.
Strand-specific, poly (A)-positive RNA-seq data were analyzed as previously described (7) . Briefly, raw reads were filtered using the same criteria as that used for the MNaseseq data and then they were aligned to the corresponding genome using TopHat2 (TopHat v2.1.1) (8) . Only uniquely mapped reads were used in the following analyses.
Whole-genome comparison of nucleosome occupancy profiles. To obtain a global view of the nucleosome occupancy profiles across both tissues and species, we introduced a method to evaluate the similarity of the nucleosome distribution. Briefly, we obtained the orthologous regions across all five species using the multiple alignment results from the UCSC Genome Browser (9). These orthologous regions were then divided into 147-bp windows. For each dataset of nucleosome profiling, the summit positions of the nucleosome binding peaks were recorded for each 147-bp window, and the distances between the peak summit and the starting position of the peak-located window were calculated. The distance was designated "NA" if no nucleosome binding signals were located in the window. A distance vector for each nucleosome occupancy profile was then obtained. We next calculated the Pearson correlation coefficient between the distance vectors for each pair of profiles. Hierarchical clustering was used to evaluate the similarity of these nucleosome occupancy profiles.
Identification of recently-evolved human exons. The initial list of human exons was compiled on the basis of annotations from multiple databases (such as RefSeq (10), Ensembl (11), UCSC (12), Genescan (13) , and Vega (14)), in which only internal exons were considered. These exons were then filtered using RNA-seq data for human brain to only retain exons supported by junction reads on both sides of the exon (7). For each human exon, the orthologous regions in macaque and mouse were extracted based on pair-wise whole genome alignments, retaining exons uniquely aligned as a fragment in out-group species, a strict strategy to control for false-positives obtained by gene duplication. Candidate recently-evolved human exons were then defined on the basis of annotations and RNA-seq data, in which the orthologous regions of candidate recentlyevolved human exons in out-group species could not overlap with any annotated exons (annotations from RefSeq, Ensembl and RhesusBase (15, 16) for macaque; annotations from RefSeq, Ensembl, UCSC, Genescan, and Vega for mouse) (12), and was not supported by any in-house RNA-seq data in tissues of macaque and mouse (no supporting junction reads and an RPKM score < 0.2) (17).
To further control for the potential false-positives, we performed ultra-deep, strandspecific, poly (A)-positive RNA-seq on the macaque brain sample to increase the detection sensitivity of macaque exons. A total of 1.4 billion RNA-seq reads were generated and uniquely mapped to the macaque genome using a computational pipeline as previously described (7). We also integrated more public RNA-seq data of rhesus macaque and mouse -a total of 97 RNA-seq datasets from 18 types of macaque tissues, as well as 64 RNA-seq datasets from 13 types of mouse tissues -to control for the falsepositives introduced by the variability among populations and tissue types (15) .
Candidate recently-evolved human exons supported by any of these RNA-seq datasets in out-group species were removed. NOC ratio and GC content ratio. We introduced NOC ratio and GC content ratio to quantitatively investigate exon-intron differences in nucleosome occupancy and GC content, respectively. The NOC ratio was calculated by binary logarithm of the average nucleosome occupancy of exon to that of the upstream 150-bp intronic region. Similarly, the GC content ratio was calculated by binary logarithm of the GC content of exon to that of the upstream 150-bp intronic region.
Ancestral state definition and the calculation of interspecies divergence rate. When counting the divergence sites in human and macaque lineages after the divergence of the two species, multiple sequence alignment data were downloaded from the UCSC Genome Browser (12) , and the human-macaque-marmoset aligned regions were extracted to define the ancestral state of human and macaque at each site as previous described (18, 19) . For simplicity, we used AT-to-GC to stand for A:T to G:C and A:T to C:G substitutions, while GC-to-AT for G:C to A:T or G:C to T:A substitutions.
As for the inference of the ancestral state for nucleotide sites nearby the splice sites, orthologous sequences from 46 vertebrate genomes species downloaded from the UCSC Genome Browser were used to infer the common ancestor of human, macaque, and mouse on the basis of the FASTML pipeline (20) . Positions with indefinable ancestral sequences were excluded. The strengths of the splice donor and acceptor sites were then calculated using maxEndScan (21) , and the sequence logo of splice sites were visualized by WebLogo (22) .
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